A structure of an expert system for speaker verification is introduced in this article. According to the previous research, the birth of the essential ideas leading to expert system is indicated. At first, the specifics of the speaker verification task are discussed. Then, the expert system based on the combination of the rules and an oriented graph is introduced. Finally, the benefit of this approach is tested on small knowledge base, which is focused on the signal processing. The results of performed experiments show that the proposed expert system is capable to improve the performance of the verification, although the knowledge base is really small.
Introduction
Many experiments with configuration of particular modules were performed throughout the development of the speaker verification system [1] . The results of the experiments with the signal-processing module [2] show that an optimal configuration vary for specific conditions and it dramatically affects the performance of the verification system. Analogical situations can be found for the other modules of verification system. A human expert is capable of choosing the most suitable configuration of the module for the current conditions.
Each verification trial has specific conditions -for example the signal quality, the length of the utterance, the emotional state of the speaker, and the language or the topic of the utterance. Artificial corpora are the only exceptions. Thus, a suitable configuration of all modules is different for each verification trial. The selection of the most suitable configuration cannot be done by human beings because of the huge amount of the verification trials. A fully automatic selection can be realized by an expert system with the appropriate knowledge base.
Our expert system for speaker verification is introduced in this article. At first, the specific procedures used in speaker verification systems are discussed in Section 2. Consequently, the appropriate structure of the expert system for speaker verification is proposed in Section 3. Next, Section 4 is devoted to the description of experiments and their results. Finally, the conclusions are given in Section 5.
Characteristic Procedure for Speaker Verification
All systems for speaker verification consist of some subsystems, which are mutually independent, but they are tied together [3, 4] . Each subsystem belongs to one of three 494 A. Padrta and J. Vaněk basic groups [5] : the preprocessing and signal processing subsystems, the data modeling subsystems, and the verification subsystems.
The characteristic sequence of particular subsystem in speaker verification systems is depicted in Figure 1 . At first, the utterance is transformed to the set of the feature vectors. A preprocessing of the signal is usually included in corresponding subsystem to suppress undesirable effects. This transformation is denoted as signal processing. Consequently, the set of feature vectors is used to create a model of appropriate speaker. The corresponding subsystem is generally employed in training phase only. In some cases, when the verification is based on model comparison, the model is also created from the test feature vectors. The subsystems from the third group use the outputs of the subsystems from previous groups to perform the last step, the verification. Each subsystem can be implemented in many ways. The instance of subsystem is denoted as a module. When a verification system employ more than one verification module, then one more subsystem is needed. The combination subsystem [6] is used for gathering the outputs of the verification modules into a single decision.
The prior experiments [2] have confirmed the dependence of the signal processing module on the noise and the channel distortion. Next, the dependence of GMM complexity on the amount of training data has been demonstrated [7] . The verification based on an universal background model can be improved by selecting the UBM according to the gender of the speaker [8] or other conditions of recording [9] . In the future research, more dependencies will be certainly discovered. Thus a configuration, which corresponds to the actual operating conditions, is needed for high-quality function of the appropriate module.
Each verification trial is different from the other ones, i.e. it has different operating conditions. As a consequence, the configuration of the verification system should be modified for each trial. The human experts have the appropriate knowledge to create a suitable configuration. Unfortunately, they are not capable to make a huge amount of the mentioned modification.
We analyzed the above mentioned facts and come to the hopefully solution -a fully automatic expert system, which contains appropriate knowledge base and is capable to configure and call the particular modules of the speaker verification system.
